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ABSTRACT 

Friction stir welding (FSW) is a welding phenomenon where metals are plasticized and joint with suitable 
applied pressure. It is a solid state of welding process with non-consumable tool. Magnesium alloy materials like AZ31 
and AZ91 are selected in this experimental work. Because, this alloys having low density as compare to steel so it is 
lighter in weights. Also this material are having good strength, ductility and corrosion resistance [21]. A taguchi 
approach along with design of experiment (DOE) methodology are used to optimize weld parameter. Rotating seed, 
transverse speed and materials are selected as a working parameter for experimentation. After a weld tensile test is used 
to determine different design parameter of different weld specimen. 
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INTRODUCTION 


FSW is a comparatively new welding process that was developed and patented by the welding institute in 
1991, initially for aluminum and its alloys. It is a solid-state hot-shear joining process in which a rotating tool with 
a shoulder and a pin moves along the weld seam [3] as shown in figure 1. 
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side 

Figure 1: Schematic Representation of the FSW Process [2] 


It is a metal joining technique named friction stir welding developed to weld aluminum, magnesium and 
other lightweight materials [4]. Friction stir welding ability of 5% SiC particulate aluminum matrix cast composite 
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using TiAIN coated tool and effect of process parameters such as tool rotation speed, traverse speed, and axial force on 
ultimate tensile strength were investigated.[C. Devanathan et.al, 2014]. Also, the mechanical behavior and weld 
microstructure were studied over a wide range of tool rotational speeds and tool-pin temperatures.[Bhandari Vijendra et.al, 
2015]. The main objectives of the present investigation were rather than micro structure study an optimization technique is 
used to observe weld behavior. With variation of welding parameter in sequence a different weld strength is observed. As it 
will take more experimental time and cost too. So, it is necessary to gone through DOE. Magnesium alloy material as 
AZ31 and AZ91 are gone through FSW. The dimensions of work piece is 150mm x 50mm with 5mm of thick sheet. All 
the testing of welded part tested after ASTM standard then go for experimentation on Universal Testing Machine. 

COMPOSITION OF MATERIAL AND TOOL 

In this work alloy material of magnesium also being used as AZ31 and AZ91. This two material is selected for 
comparative result study over aluminum alloy. Because this alloys having low density as compare to aluminum. 
The composition of alloys of magnesium the AZ31 is 2.75% Al, 0.001% Fe, 0.91 % Zn, 0.01 % Mn and magnesium for 
balance and AZ91 having the composition as 8.67% Al, 0.002% Fe, 0.85% Zn, 0.03% Mn and magnesium for balance and 
mechanical properties of alloys as AZ31 having tensile strength of 272 N/mm2 and elongation is 7.2 %, and AZ91 having 
tensile strength of 240 N/mm2 and elongation is 16.8%.[21] The material is brought from Venuka Engineering solutions, 
Kaylan, Mumbai. The dimension work piece to be weld is shown in figure 3 and figure 4 shows its actual view. 



150 


Figure 2: Dimensions of Base Materials for Magnesium Alloy Materials (All Dimension in mm) 



Figure 3: Actual View of Base for Magnesium Alloy Materials as AZ31 and AZ91 


Weld quality along with tool wear are vitalparameter to tool material for welding process. The micro structure of 
welding materials are also important parameter in FSW. For a better FSW weld tool should soften the material flow with a 
proper hold within holder. The material of the tool HI3 steel was used[21]. The Dimensions of the tool is shown below 
with all dimension in mm along actual tool used in welding process. 
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Figure 4: Geometry of Tool (All Dimension in mm) 


These are some tool mostly used in FSW are- 

1. Skew-Stir Tool 2. Corn-Stir tools 3. Dual-Rotation Tool 4. Re-Stir Tool[21]. 

TAGUCHI APPROACH AND DOE 

Optimization is the vital tool which being used now a day in engineering application and welding is no exception 
for it. Taguchi not only enhance quality but also observe process parameter variation. In this work taguchi along with DOE 
is used for experimentation. Parameters are selected as per the DOE which provides a best tool to achieve not only the 
quality of product but also process efficiency [21]. When a large number of experimental works have to be carried out 
when the number of process parameters increases. Therefore to reduce the number of experiments and to obtain good 
quality of investigation the term named DOE. It is factorial design and linear regression techniques have been widely used 
in engineering analysis. These techniques consist of experiments with an objective of acquiring data in a controlled way, 
executing these experiments in order to obtain information about the behavior of a given process [22]. DOE is used for 
calculating the independent variable values at as per limited different experiments. Orthogonal array in the experiments 
will help the designers to understand the influence of multiple controllable factors with the quality average characteristics 
and the variations of physical parameter in a fast and economic way. Number of experiments performed as per selection of 
process parameters. In order to obtain this task, the Taguchi method with orthogonal arrays is vital tool [21]. The design of 
experiments is the shortest method for experimentation evaluation which gives the variation of physical parameter who 
affecting more to experimentation. 

Following table gives working parameter with their experimentation level. 


Table 1: Working Parameters and their Levels[21] 


Parameters/Level 

Rotating Speed(rpm) 

Transverse Speed 
(mm/min.) 

Material 

1 

1000 

60 

AZ31 

2 

1200 

75 

AZ91 

3 

1400 

80 

AZ31 & AZ91 


EXPERIMENTATION 

In order to reduce number of experiment frequency; an orthogonal array is used. In this work L 9 orthogonal array 
is used to start experimental work. 
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Table 2: Working Parameter Section Using L 9 Orthogonal Array 


Sr. No. 

Parameter 1 

Parameter 2 

Parameter 3 

1 . 

1000 

60 

AZ91 

2. 

1000 

75 

AZ31 

3. 

1000 

80 

AZ31 & AZ91 

4. 

1200 

60 

AZ31 

5. 

1200 

75 

AZ31 & AZ91 

6. 

1200 

80 

AZ91 

7. 

1400 

60 

AZ31 & AZ91 

8. 

1400 

75 

AZ91 

9. 

1400 

80 

AZ31 


In this work cylinder type of welding tool is used for the welding purpose. Prior welding process fixture is design 
as per convenience of weld. A vertical milling machine is for the welding process which can apply significant pressure on 
the work piece. Welding ids done at small scale workshop at kopergao, Maharashtra (India). Experiments were conducted 
as per the design levels of DOE (i.e. as per L 9 orthogonal array as shown in Table 2). 



(a) (b) 

Figure 5: (a) and (b) FSW Welding Using Vertical Milling Machine 

RESULTS AND DISCUSSIONS 


After welding of different specimen it goes under tensile test followed by micro structure analysis. Figure 1 and 8 
show the test specimen after welding as pea ASME standards. 
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Figure 6: Weld Specimen as per ASTM Standards (All Dimension in mm) 
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Figure 7: Actual View of Specimen after Weld 


UTM testing is done in SND College of Engineering & Research Centre, yeola for above mentioned specimen. 



Figure 8: (a) Tensile Test on the UTM (b) Specimen in UTM (UTM Testing 
Performed at SND College of Engg. and Research Centre, Yeola) 


Specimens for tensile test are as per the standard of ASME (American Society for Testing of Materials). Test was 
carried out in Universal Testing Machine at a room temperature in SNDCOE&RC, Yeola as shown in Figure 9. 



Figure 9: Specimen After Testing on Universal Testing Machine 


The welding of magnesium alloy is possible by using FSW process. Mechanical properties like base material 
joint were found as per the experimentation. The maximum strength of joint is found at 1400rpm rotational speed and 75 
mm/min transverse speed of AZ91 materials which is shown in Table 3. 
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Table 3: Working Parameter Section Using L 9 Orthogonal Array 


Sr. No. 

Parameter 1 

Parameter 2 

Parameter 3 

UTS 

YS 

% ELO 

1 . 

1000 

60 

AZ91 

204.3 

178.2 

11.2 

2. 

1000 

75 

AZ31 

192.7 

172.6 

4.3 

3. 

1000 

80 

AZ31 & AZ91 

180.3 

169.7 

4.1 

4. 

1200 

60 

AZ31 

196.5 

174.7 

6.3 

5. 

1200 

75 

AZ31 & AZ91 

188.6 

162.5 

6.7 

6. 

1200 

80 

AZ91 

211.4 

182.6 

12.9 

7. 

1400 

60 

AZ31 & AZ91 

191.2 

167.1 

7.1 

8. 

1400 

75 

AZ91 

218.1 

186.2 

13.3 

9. 

1400 

80 

AZ31 

198.6 

175.5 

5.1 


The material is important parameter in the FSW process that effect on all parameters of welding, the maximum 
Ultimate Tensile Strength, Yield Strength and % of Elongation is found in the joint of plates AZ31 and AZ91 alloy 
material and minimum UTS and YS is found at the joint of dissimilar plates i.e. in joint of AZ31 and AZ91 alloy material 
joint. The behavior of UTS, YS and % EL with respect to different experimental level is shown in graphical form as below. 



Figure 10:Main Effects Plot for Ultimate Tesnsile Streangth 



Figure 11: Main Effects Plot for Yield Stress 
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Mechanical properties of welded structure like bending strength, fatigue behavior, compressive strength can also 
be studied. FSW process can be studied for suitability for welding other materials like copper, magnesium, titanium, steel 
etc. This result will conclude that the welding of magnesium alloy is possible by using friction stir welding process and 
FSW is best welding process for similar material. The maximum strength of joint is found at 1400rpm rotational speed and 
70mm/min transverse speed of AZ31 alloy. The material is important parameter in the friction stir welding process that 
effect on all parameters of welding, the maximum UTS, YS, % Elongation is found in the joint of similar plates AZ31 
alloy material and minimum UTS and YS is found at the joint of dissimilar plates i.e. In joint of AZ31 and AZ91 alloy 
material joint. The different mechanical properties of base material joint were found as per the experimentation. The results 
obtained for different mechanical with DOE shows that the material is more influencing factor in the FSW as the material 
changes the strength of joint and other parameter also get varies for the welding of that particular material. 
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